This study examined the relationship of an expertsystem scored constrained free-response item (requiring the student to debug a faulty computer program) to two other item types: (1) multiple-choice and (2) freeresponse (requiring production of a program). Confirmatory factor analysis was used to test the fit of a three-factor model to these data and to compare the fit of the model to three alternatives. These models were fit using two random-half samples, one given a faulty program containing one bug and the other a program with three bugs. A single-factor model best fit the data for the sample taking the one-bug constrained free response and a two-factor model fit the data somewhat better for the second sample. In addition, the factor intercorrelations showed this item type to be highly related to both the free-response and multiple-choice measures.
encountered in educational and work settings, they can offer information on problem-solving processes (Birenbaum & Tatsuoka, 1987) , and they may measure somewhat different skills than multiple-choice formats (Ward, Frederiksen, & Carlson, 1980 (Braun, 1988 (Braun, Bennett, Frye, & Soloway, in press).
This item type presents the examinee with a specification describing a task to be performed by a computer program and a completed program that does not correctly perform that task. It is the examinee's assignment to correct the program by de- leting and/or inserting the required code. The corrected program is then given to an expert system for scoring. In a recent study (Braun et al., in press), this experimental system was able to score 83% of the papers it encountered (it offered no analysis on the remaining papers), and agreed with a human rater at levels similar to those at which raters agree among themselves (product-moment correlations in the .80s).
The purpose of this study was to assess the relationship of this expert-system scored constrained free-response item type to multiple-choice and to free-response items contained on the College Board (Braun et al., in press). Student (Spohrer, 1989 Students' responses to these items were presented to the expert system MICROPROUST (Johnson & Soloway, 1985) as complete programs within which the student's correlations were embedded. MICROPROUST (Marsh & Hocevar, 1985; Sobel & Bohmstedt, 1985) . Con- sequently, several goodness-of-fit indicators were used, particularly in comparing the three-factor model to the alternatives. These indicators were:
1. Tucker-Lewis index. The Tucker-Lewis (TL) index (Tucker & Lewis, 1973) (Marsh & Hocevar, 1985) . (Loehlin, 1987 (Loehlin, 1987 gives the factor intercorrelations for the three-factor model. Each correlation was tested for significant differences from 1.00 with a t test using the standard errors of estimate generated by the factor model. For Sample 1 (which took the one-bug variants), none of the disattenuated correlations was significantly different from 1.00; this called into question the need for a three-factor model. For Sample 2 (which took the three-bug variants), the correlations between the constrained free-response factor and the other factors were significantly less than 1.00, although those between the free-response and multiple-choice factors were not, which suggests the need for a simpler model here as well. 
Discussion
Results suggested that the three item types formed a single factor in one sample, but that a two-factor model with faulty solutions defining a separate factor might better account for the data in the second Table 6 Fit Indices for Hypothesized and Alternative Factor Models Table 7 Hierarchical Chi-Square Tests of Competing Factor Models Note.
Model 1 is the more complex of the two models in a given contrast.
sample. What might explain the differences in fit between the two samples? One potential explanation is that the timing guidelines under which the items were administered allotted less time per bug to those taking the three-bug problems. This differential might have created a power-versus-speed situation in which the major source of individual differences among students taking the one-bug variants was programming skill, whereas speed of processing might also have come into play for those taking the three-bug variants. The effects of speededness on cognitive test performance are well known.
In the present case, however, it is not known if the dissimilarity in time allotted per bug was enough Table 8 Factor Loadings for the Two-Factor Model Note.
All loadings were significant at p < .001 level (t range for Sample 1 -14.01 to 35.91; to cause individual differences in speed of processing to appear in one and not the other sample.
In addition to the variation in factor structure across samples, the faulty-solutions factor was virtually indistinct from the free-response factor in one sample and highly related to it in the other. This result suggests that the premise for the constrained free-response format is plausible: to combine in a single item type the surface characteristics and cognitive demands of free response with the machine-scorable efficiency of multiple choice. That faulty solutions might be reliably machine-scored is supported by a companion investigation that found that most student responses could be analyzed and that scores were generally similar to those awarded by a human grader (Braun et al., in press).
Although the faulty-solutions factor was highly related to free response, the former was also highly related to the multiple-choice factor (though more so in Sample 1 than Sample 2). The melding of faulty solutions with both item types is seemingly due to the exceptionally close relationship observed between the multiple-choice and free-response factors themselves. This latter result would also appear to be a stable one because correlational analyses of student performance on other forms of the Apes examination with different samples have produced the same finding (Bleistein, Maneckshana, & McLean, 1988; Mazzeo & Bleistein, 1986; Mazzeo & Flesher, 1985) . Similar relationships between multiple-choice and constructed-response formats have been reported in other content areas such as mathematical reasoning (Traub & Fisher, 1977) and verbal reasoning (Ward, 1982) , though such a result is not universal (e.g., Ackerman & Smith, 1988; Ward et al., 1980 (Bennett, in press ). In such a system, multiple-choice items would 
